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The reversal of toroidal rotation velocity is 
observed, when ECH pulse is applied to the NBI plasma 
with low electron density below 0.5 x 1019m-3. The target 
plasma is produced by electron cyclotron resonance heating 
(ECH) pulse and neutral beam is injected for 40-200ms. The 
helical magnetic field is 0.88T. When additional ECH is 
added for 60 - 140ms, the central electron temperature 
increases up to 1 - 2 ke V (it is only 0.2- 0.3 ke V before 
the ECH pulse). Associated with the increase of electron 
temperature, the poloidal rotation velocity changes its 
direction from electron diamagnetic direction (negative Er) 
to ion diamagnetic direction (positive Er). In general, the 
plasma rotates toroidally parallel to the neutral beam (NB) 
injection regardless the direction of magnetic field, because 
the momentum from tangentially injected NB is a main 
toroidal torque in the plasma. 
Although the ECH does not give any toroidal 
torque to the plasma, toroidal rotation velocity anti-parallel 
to the'NB injection is observed during ECH pulse. This 
spontaneous toroidal rotation is considered to be driven by 
steep electron temperature gradients through the change of 
radial electric field and poloidal rotation velocity. Figure 1 
shows central electron temperatures, poloidal rotation 
velocity, and toroidal rotation velocity as a function of 
central electron density. The spontaneous toroidal rotation is 
observed only in the low density plasma with ECH when 
the strong positive electric field is produced in the plasma. 
As the electron density is increased above 0.8 x 1019m-3, 
there is no positive electric field and no spontaneous 
toroidal rotation observed. In the low density regime, 
because of the peaked high electron temperature, the large 
electric field of 10-20 kV/m and large poloidal rotation of 
10-20 km/s is produced near the plasma center ( p = 0.3). 
. Since the parallel viscosity is minimum along the constant-
B surface in HeliotronITorsatron plasmas, the plasma flow 
driven by Er tends to parallel to the constant-B surface. In 
CHS, the direction of this flow is anti-parallel to the co-
direction for positive Er while it is parallel to counter-
direction for negative Er.Here the "co" and "counter" is 
defmed as parallel or anti to the equi;valent plasma current. 
It should be noted that the flow anti-parallel to the co-NB 
contributes to negative electric field but the positive electric 
field. It is contrast to the fact that toroidal flow generally 
contributes to radial electric field in tokamaks. (When the 
radial electric field is positive, plasma rotates to the co-
228 
direction in tokamaks). These observations suggest that the 
momentum input of co-NBI does not produce positive radial 
electric field in HeliotronITorsatron plasmas in contrast to 
the toakamk plasma. 
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Fig. 1 (a) Central electron temperatures (b) poloidal rotation 
velocity (c) toroidal rotation velocity as a function of 
central electron density. 
